Due to tougher lending standards, Rent-to-Own (RTO) contracts are getting popular. In a RTO contract, a tenant signs a lease with the option to buy a house at a predetermined purchase price. That is, the tenant receives a call option. RTO contracts allow potential financially constrained homebuyers to lock in a price while they use the time to build up savings and creditworthiness. Even ex-chairman Bernanke has endorsed RTO contracts as a tool to stem foreclosures. Despite recent interest, the economic implications remain murky. Contract terms are further complicated since the tenant may stay financially constrained, and not qualify for a mortgage, in the future. In this paper, we analyze the economics of a RTO contract under financial constraints in competitive equilibrium. We show that the equilibrium purchase price is extremely sensitive to the tenant's financial constraints. This information is useful in negotiating contract terms for an interesting new development in the real estate industry.
renters become owners again by giving them options to purchase the homes they are renting. This paper analyzes the economics of such RTO contracts.
As predicted by Bernanke, RTO contracts -a financial innovation -are increasingly getting popular.
6 In a RTO contract, a Tenant or a Renter (also referred to as the TenantBuyer) and a Landlord (also referred to as the Landlord-Seller) enter into a lease agreement. The term of the lease is typically between 12 to 36 months. The lease period allows the Tenant-Buyer who under the current environment cannot meet the tougher loan qualification requirements to build up savings and creditworthiness. To summarize, RTO contracts are attractive to those who are financially constrained at the beginning but expect to be unconstrained by the end of the lease period. These contracts effectively force buyers to save. They also provide tenants the opportunity to evaluate a neighborhood and resolve income uncertainty before making a long-term financial commitment.
Despite the recent interest, economic implications of the RTO contract remains murky. For example, figuring out the purchase price or the lease period is a matter of pure guesswork for most buyers/sellers. To the best of our knowledge, Jaggia et al. (2014) are first to analyze a RTO contract using an option valuation framework. They analyze the economics by using the fact that the Landlord-Seller writes a call option to the Tenant-Buyer. In a frictionless framework, they value of the option in the same spirit as a typical financial call option.
However, a frictionless framework may not be appropriate. For example, in spite of the best efforts, due to variability in savings, the Tenant-Buyer may end up being financially constrained at the end of the lease term. In this case, Tenant-Buyer cannot go through with the purchase even though it may be optimal for her to do so. Therefore, due to financial constraints, RTO contract is not like a typical call option. Bernanke and government sponsored agencies also recognized the negative impact of financial constraints on the success of RTO contracts. In response, both Freddie Mac and Fannie Mae announced a pilot program to facilitate purchases stemming from RTO contracts in 2012 (Bernanke (2012) ). In this paper, our main contribution 6 From analyzing Google trends, the search intensity of the word "RTO" increased from 33 in April, 2007 to 100 in February 2014 -a three-fold increase. Indeed typing the words "rent to own real estate" yields more than 200 books on Amazon.com. is to analyze the effect of financial constraints on the RTO contract.
In competitive equilibrium, we derive a closed form expression of the call option with financial constraints. We use a mathematical technique known as an Esscher Transform to derive the closed form expression. Our set up is useful in understanding the link between the purchase price, the downpayment, the rental premium and the lease period in a competitive real estate market.
Our model consists of two periods, specifying the beginning and the end of the lease. In the first period, the Landlord-Seller and Tenant-Buyer negotiate the purchase price, the down payment and the monthly rent premium. The down payment and the monthly rent premium constitute the option premium. There are two sources of uncertainty: the house value and the Tenant-Buyer's ability to secure a mortgage at the end of the second period. The Tenant-Buyer will exercise the option to purchase the house if and only if: (i) the house value in the second period is above the purchase price adjusted for the option premium and (ii) the Tenant-Buyer is not financially constrained.
The Landlord-Seller receives the option premium and in return she writes the call option (with strike price equal to the predetermined purchase price) to the Tenant-Buyer. The surplus accrued to the Landlord-Seller is equal to the option premium less the call option value. In a competitive real estate market, the implied purchase price is set so that the surplus accrued to the Landlord-Seller equals to zero.
We perform extensive comparative statics to evaluate the equilibrium purchase price of a hypothetical RTO contract. Specifically, we show that the equilibrium purchase price is extremely sensitive to financial constraints. We highlight cases where, for a financially constrained tenant, the equilibrium purchase price falls below the current market value of the house. Here, even at the reduced house price, the tenant will not be able to exercise the seemingly optimal option. In the absence of financial constraints, the equilibrium purchase price increases to the value predicted by the standard Black-Scholes model.
We also calibrate our model by analyzing the equilibrium purchase price of 20 major U.S.
cities. There is a fair bit of variation in the purchase price across cities. It is the highest in Los Angeles, where the equilibrium purchase price on a $200K house is $226K, and the lowest in Detroit where the equilibrium purchase is only $186K. We also compare the equilibrium purchase price computed with and without financial constraints. In general, the financial constraints decrease the negotiated premium by half. To preview our results, consider the case of San Francisco. If the Tenant-Buyer may be financially constrained in the future, the equilibrium purchase price is equal to $210K -a 5% premium. On the other hand, if the Tenant-Buyer will not be financially constrained in the future, the equilibrium purchase price is equal to $220K -a 10% premium.
The rest of the paper is as follows. In Section 2, we explain the background of a RTO contract. In this section, we explain the previous literature concerning bank lending standards and motivate the popularity behind RTO contracts. Section 3 introduces a simple two-period valuation model. Using Esscher Transform, we derive a closed form expression without making any distributional assumptions. Explicit valuation formula when the random variables are normally distributed are derived in Section 4. In this section, we also perform comparative statics and evaluate the equilibrium purchase price in 20 major U.S. cities. Lastly, in Section 5, we provide concluding remarks.
Background of RTO contracts
In this section, we motivate the underlying reasons behind the growing popularity of RTO contracts. We motivate in two parts. First, we review and provide new evidence of tightening credit standards in the housing market. Second, in light of the tighter lending standards, we show several examples of potential home buyers who are ideal candidates for a RTO contract.
Pro-cyclical bank lending standards
It is well documented that banks speed up lending activity during an economic expansion, which results in lower down payments and higher loan-to-value ratios (Gorton (2009) and Hardouvelis (2010) ). Competition among banks magnifies the expansion of lending activity. Banks screen borrowers with less scrutiny due to competitive pressure during an economic expansion (Ruckes (2004) , Dell'Ariccia and Marquez (2006), Hauswald and Marquez (2006) , and Gorton and He (2008) ). The increase in lending activity improves asset prices; increases collateral values; and in turn increases lending activity.
On the other hand, risk premia increase and the quantity of risk taking decreases during an economic contraction. Lang and Nakamura (1995) and Bernanke et al. (1996) document the "flight to liquidity phenomenon": bank portfolios shift from high to low risk loans during a downturn. Simultaneously, non-performing loans rise, leading to lower capital reserves. In response, banks tighten credit standards. Bernanke et al. (1991) find that large negative shocks to bank capital lead to declines in bank lending. As a result, down payments increase and loanto-value ratios decrease. This forms the classic (pro-cyclical) "lending cycle". Berlin (2009) provides an excellent survey of the lending cycle literature. quality loans increased after 2008, while the share of poor quality loans decreased. In other words, after 2008, it became even harder for financially constrained borrowers to get a loan.
Next, we show the merits of a RTO contract in light of the tightened credit standards.
RTO contract motivation
A RTO contract provides home buyers the opportunity to evaluate a neighborhood and resolve income uncertainty before making a long term financial commitment. It is especially attractive to those who are financially constrained. To motivate the merit of a RTO contract, consider the following four scenarios:
1 -James, an entrepreneur, declared bankruptcy a year ago due to a failed start up. Now, James has a stable job, and wants to purchase a house. He does not qualify for a conventional loan. Even FHA does not consider applications of borrowers who declared bankruptcy less than two years before the mortgage application. As a result, he is not able to meet the "time" guideline for a FHA loan.
expects promotion within a couple of years. Despite a promising future, she does not qualify for a conventional loan and does not meet the debt to income ratio requirement for a FHA loan.
3 -John recently underwent a heart surgery and incurred large medical bills. In spite of having a good credit score and a stable job, he does not have enough excess wealth for a down payment. As a result, he does not meet the down payment requirement for either a conventional or a FHA loan.
4 -Linda, a single mother, has recently been transferred to a small town in the Midwest.
Although, she enjoys the relaxed lifestyle of a small town, she is not sure if this is the place where she would like to settle down.
These are some of the scenarios in which a RTO contracts are attractive to Tenant-Buyers.
The first three examples concern potential home buyers who are financially constrained and do not qualify for mortgage financing. But, they expect not to be financially constrained in the future. James, with his stable job expects to repair his credit history; Jill with her promotion expects a significant rise in salary; John expects to save enough for a down payment. All the above borrowers have one need: they need time. The RTO contract will enable these borrowers to live in the home of their liking while giving them the option to stay there permanently. The term of the RTO contract is enough for them to become financially unconstrained. In scenario 4, Linda is not financially constrained but can benefit from the opportunity that RTO provides to evaluate a neighborhood and resolve income uncertainty before making a long-term financial commitment.
Alternatively and perhaps more importantly, lenders can use a RTO contract to renegotiate contracts with homeowners whose mortgages are underwater. Consider the following scenario:
5 -John, a teacher, bought his home at the apex of the housing market for $300K. John entered into a 30 year fixed rate mortgage at 6% and was able to borrow 90% of the value of the house. After seven years, house price has dropped to $200K while the loan balance is $241K. Since the mortgage is sufficiently underwater, John wants to default. Both the lender and John incur deadweight bankruptcy costs in case of default.
9
In the last scenario, the lender and John can enter into a RTO contract to avoid deadweight bankruptcy costs. For example, the lender can take over the ownership of the home while annuling the mortgage contract. Additionally, the lender can lease the home to John for three years and give John the option to buy back the home at a predetermined (negotiated) purchase price. To summarize, a RTO contract can potentially be a win-win situation for both the lender and John.
Next, we develop a theoretical framework to study the economics of a RTO contract.
A two-period model of a RTO contract
This section develops a two-period model to value a RTO contract under financial constraints.
We follow Grenadier (1996) in our analysis of the financial constraints. In addition to rent, a RTO contract consists of several negotiable terms: a lease term T , a predetermined purchase priceK, an upfront down payment and the monthly rent premium. 10 Both the down payment and the rent premium count as a payment toward the purchase price. Since we consider a two-period model, we combine the down payment and monthly rent premium into one up-front payment -the payment is the "option premium" OP .
We divide this section in three parts. In the first part, we describe uncertainty. Specifically, we describe the joint evolution of the house price and the Tenant-Buyer's excess wealth without making any distributional assumptions. In the second part, we value the call option in a RTO contract in closed form. In the last part, we solve for the purchase price in a perfectly competitive real estate market.
9 In Jaggia et al. (2014), both buyers and sellers face deadweight costs and they split the surplus using a Nash Bargaining mechanism.
10 The contract also includes escrow procedures, amount and timing of broker commissions and other fees that are customary of a standard lease agreements. The agreement also specifies the timing of the home inspection, the party responsible for house repairs and maintenance and the party responsible for home insurance and property taxes. Lastly, the agreement also specifies the sequence of legal steps if the Tenant-Buyer is late in making the monthly payments.
Sources of uncertainty
Consider a risk-neutral environment with two periods t = {0, T }, where T is the length of time (in years) spanned by the two periods. Both players -the Tenant-Buyer and the LandlordSeller -discount future cashflows at a constant rate r. There are two sources of uncertainty.
First, the house value in the second period T is random. We denote H(t) to represent the value of the house in period t and let
The random variable X, which can be interpreted as the continuously compounded rate of return over T years, is governed by the cumulative probability distribution F X (x) = Pr{X ≤ x}.
The second source of uncertainty concerns financial constraints. We denote W (t) to represent a financial state variable (we define it later) of the buyer in period t and let
Again, the random variable Y can be interpreted as the continuously compounded rate of return over T years. The cumulative density function of Y is denoted by F Y (y) = Pr{Y ≤ y} and the joint cumulative probability function of the random variables X and Y is denoted by
We model the financial constraints in the following manner. If W (T ) falls below an exogenous threshold I, we assume that the buyer will not be able to qualify for loan. This may occur because (i) the buyer is unable to make a requisite down payment required for a loan or (ii) the debt to income ratio of the buyer is insufficient to qualify for a loan. For clarity, we interpret W (t) as the excess wealth of the Tenant-Buyer. The excess wealth is composed of both initial and future savings.
Lastly, let z = (z 1 , z 2 ) be a non-zero real vector such that the moment generating function
exists. We will use the moment generating function in the valuation of the RTO contract, which is next.
Valuation of a RTO contract
The Tenant-Buyer agrees (after negotiation) to purchase from the Landlord-Seller at a purchase priceK and in turn the Tenant-Buyer pays an option premium OP for the option. At the end of the second period T , the Tenant-Buyer has the right but not the obligation to buy the house for an effective strike price K: K ≡K − OP . Furthermore, the buyer will only exercise the option in the event (i) the call option is in the money {H(T ) ≥ K}, and (ii) the Tenant-Buyer is not financially constrained {W (T ) ≥ I}. With the definition,
represent the event in which the Tenant-Buyer will exercise the option. The expected present value of the call option, denoted by C, is
where I(·) denotes the indicator function of an event.
Standard calculations yield that
The expression for C 1 is more complicated. In order to get a closed form solution, we use the concept of Esscher Transform with parameter z. Specifically, dividing equation (1) by M (z), we see that
where we define
Upon inspection of equation (6), the probability measure, dF XY (x, y ; z), of the joint random variables X and Y has been modified. We say that the modified distribution, dF XY (x, y ; z), is the Esscher Transform with parameter z of the original distribution dF XY (x, y). Because the exponential function is positive, the modified probability measure is equivalent to the original probability measure; that is, both probability measures have the same null sets (sets of probability measure zero).
In order to identify the new probability measure, it is convenient to analyze the moment generating function under the new measure. Specifically,
Defining 1 1 = (1, 0) , the expression for C 1 can be written as
Using the same technique as before, we have that
We summarize the call option value in the following proposition.
Proposition 1
The call option C associated with the RTO contract is worth C = C 1 − C 2 , where
and
where the new probability measure is defined by equation (6).
In order to get a better understanding of the call option value, consider two special cases.
Case 1: No Financial Constraints -In the event that the Tenant-Buyer will not be financially constrained in the future for sure, Y ↓ 0 and hence k 2 ↓ −∞. In this case, equation
(2) becomes
We denoted the call option value without financial constraints as C BS to highlight the fact that this condition is isomorphic to the Black Scholes call option. As a matter of fact, in the numerical example, where we assume that X and Y are jointly normally distributed, the call option formula reduces to the Black-Scholes formula when there are no financial constraints.
Upon inspection, it is also clear that C BS ≥ C. We summarize the result in equation (10) in the following proposition:
Proposition 2 The value of the call option with financial constraints is less than the value of the call option without financial constraints: C ≤ C BS . Furthermore, C ↑ C BS as the financial constraints relax.
Case 2: Impact of Financial constraints when X and Y are independent -When house value and Tenant-Buyer's excess wealth are independent, equation (2) becomes
Equation (11) shows the dramatic effect of the financial constraints. If the Tenant-Buyer is unlikely to get a mortgage, then equation (11) says that the call option is effectively worth less.
We summarize the implications of equation (11) in the following proposition.
Proposition 3 In the case where X and Y are independent, the call option value is strictly lower than the Black-Scholes value: C ≤ C BS . More importantly, the call option is inversely proportional to the likelihood of being financially constrained.
The implication of equation (11) is significant. In the limit case where the Tenant-Buyer will be financially constrained in the future, the call option value is worthless. In this sense, the prospect of being financial constrained in the future has a significant impact on the success of a RTO contract.
To summarize, with equations (5) and (9), we derive a closed form expression for the call option. We have done some without making any joint distributional assumptions regarding the house value or the excess wealth. We use the technique of Esscher Transform to get the closed form expression. Note that the Esscher Transform methodology requires no double integrals to be evaluated!. Next, we analyze the equilibrium purchase price.
Purchase Price
The surplus accrued to the Landlord-Seller is
We write C ≡ C(K) to explicitly highlight that the call price C is a function of the purchase priceK. Landlord-Seller receives the option premium in the first period t = 0 and in turn the landlord sells a call option. In a perfectly competitive real estate RTO market, the purchase price is set so that the surplus accrued to the Landlord decreases to zero. Formally, the competitive purchase price K * is the implicit solution to
Next, we give a numerical example. We assume that both X and Y are bivariate normal random variables. With this assumption, we give an explicit expression for the call option.
RTO contract with bivariate normal random variables
Let X = (X, Y ) is a bivariate normal random variable. Let
denote the mean vector and covariance matrix of X. Standard calculation shows that the moment generating function is
Slight algebra shows that the moment generating function in the Esscher measure with parameter z is
Upon inspection of the equation (14), the new probability measure is also bivariate normal with a modified meanμ but with the same covariance Σ.
Let Φ(a) and Φ 2 (a, b; ρ) denote the univariate and bivariate standard normal cumulative density function. Substituting 1 1 for z in equation (14), the RTO value is
Model calibration
In calibrating the model, we first choose the house value H(0) to equal $200,000. This value is on the same order of magnitude as the Case Shiller average house price. We choose the house growth rate µ h to be 2.50% and house volatility rate σ h to be 5.00% -these parameters are from the analysis of 20 largest U.S. cities. Consistent with a typical RTO contract, we assume RTO contract term T to be 3 years. Following Grenadier (1996) , we assume that the discount rate r of both agents is 4.00%. We also choose the option premium OP to be 6.00% of the house value H(0). The option premium approximately equals a 2.50% down payment and the present value of a $200 monthly rent premium, which are typical terms of a RTO contract. We define the financial constraint measure W (0) / I as follows. As mentioned earlier, RTO contracts are attractive to those who are financially constrained in the first period but expect to be financially unconstrained in the second period. Therefore, given any threshold I, the Tenant-Buyer expects W (T ) / I ≥ 1. Arguably, this condition is satisfied if the Tenant-Buyer has made significant savings in the second period to qualify for a mortgage. Regardless of how we define the threshold, it is reasonable to assume that the lower limit of W (0) / I is the ratio of its time 0 and time T values, adjusted for the option premium. We approximate the lower limit of W (0) = I by the present value factor exp{−rT } which, for r = 4% and T = 3 years, equals 0.89; we set the base case value as 0.90. Note that the implied purchase price increases as correlation increases, albeit marginally.
This result can be understood better in the limit case of ρ = 100.00%. In the limit case, a high house value in time T , H(T ) corresponds perfectly to a high net worth in period T , W (T ).
That is, the event that the option in the money, is also the event that the Tenant-Buyer is not financially constrained. Therefore, the call option value and in turn the implied purchase price increases with correlation.
At the same time, the financial constraint has a greater impact on the implied purchase price at lower correlation values. This is because of the divergence of the event that the option is in the money and that the Tenant-Buyer is not financially constrained. (the base case) and µ h = 0.00% (the low case). An increase in the growth rate implies that the house is more likely to be valuable in the future. Then, as expected, the call value increases with the house value growth rate, which in turn increases the implied purchase price. Figure 5 plots the implied purchase price (K * ) as a function of the financial constraint measure W (0) / I for three levels of house value volatility: σ h = 6.00% (the high case), σ h = 4.00% (the base case) and σ h = 2.00% (the low case). As expected, the call value and in turn the implied purchase price increase with the house value volatility. (the base case) and µ w = 2.50% (the low case). An increase in the growth rate implies that the Tenant-Buyer is less likely to be financially constrained in the future. Then, as expected, the call value and in turn the implied purchase price increase with the excess wealth growth rate. Note that effect of the growth rate can be quite dramatic. In the low case, for low levels of W (0) / I, the Tenant-Buyer will remain financially constrained with high probability. As a result the call option approaches zero rapidly. Therefore the purchase price also decreases rapidly as indicated by the sharp drop (Low case: solid line with markers). value does not change. Therefore, for the surplus to decrease to zero, the purchase price has to decrease significantly. Formally, the purchase price K * << K 1 . with a volatility of 6.41%. Additionally, the house price growth rate is not too correlated with FBALX (the correlation coefficient is 13.61%). With these city specific parameters, the implied purchase price without constraints is $214K -a 7% premium. However, with constraints, the implied purchase price decreases to $202K -a mere 1% premium. That is, financial constraints play a pivotal role in the determining the equilibrium purchase price.
Comparison of the implied purchase price across different cities

Conclusion
The Great recession caused millions of foreclosures leading to sharp decline in house prices.
Stricter lending standards further reduced housing demand. Interestingly, the rental market remained robust during the crisis and post-crisis periods. Noting the strong rental market, exchairman Bernanke effectively suggested the use of RTO housing contracts to stem foreclosures.
In this paper, we develop a theoretical framework to study the economics of a RTO contract in the presence of financial constraints faced by the buyer. We perform extensive comparative statics to evaluate the equilibrium purchase price of a hypothetical RTO contract. Specifically, we show that the equilibrium purchase price is extremely sensitive to financial constraints.
cities. There is a fair bit of variation in the purchase price across cities. We also compare the equilibrium purchase price computed with and without financial constraints. In general, the financial constraints decrease the negotiated premium by half. Naysayers will insist on a moral hazard problem with buyers mimicking financial distress in order to negotiate favorable contract terms. However, one would expect the Landlord-Seller to perform due diligence in analyzing the financial constraints of the Tenant-Buyer. It is in their interest for both parties
to show germane paperwork that shows their creditworthiness.
After our analysis, one point is clear: RTO contracts are not a "silver bullet". When the Tenants constraints are severe, the call option is worthless to the buyer and as a result, equilibrium purchase price declines towards zero. In other words, negotiations between the landlord and the tenant breakdown. On the other hand, when the financial constraints are not so severe, RTO contracts serve their intended purpose. They provide homebuyers the opportunity to evaluate a neighborhood and resolve income uncertainty before making a longterm financial commitment.
With a RTO contract, homeowners who are behind in their mortgages can still stay in their home. For example consider a homeowner whose mortgage is underwater. Rather than evicting, the lender can consider entering into a RTO contract with the homeowner. Contractually, lender takes over the deed and in return enters into a three-year RTO contract at a negotiated purchase price. In the absence of RTO, if the owner defaults, the lender suffers significant deadweight costs: eviction cost, legal cost, marketing cost and other administrative costs. From the owners perspective, default option also has deadweight costs: she may not qualify for a mortgage for a considerable period; she suffers social shame, she has to uproot family, and she incurs significant moving expense. A RTO contract, the deadweight costs suffered by the lender and the owner are substantially reduced. Therefore, in the spirit of Bernanke (2012) , a RTO contract can be a win-win situation for the lender as well as the homeowner.
